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,4BSTRACT
Experiments were corried out irt stx environmettts for 90 doys to determine the levels oJ'
corrosiorr rates on AISI I02I mild steel rods. The environmettts h,ere: Sodium hydro.uide fumes;
Sulphuric acid fumes; Nitric ocid funtes; Sodiun sulphate funes; Sodium Chloride solution; and
ll'ater from borehole. llteight fos.ses in the rods *,ere iletermined at intemals of 5 days os these rods
were exposed to the environments The relationships between loss iz weight of the exposed sleel ond
exposure period were deterntined. Corrosion rale nodels were cleveloped as a function of total
surfoce area ond exposure period. The theoreticul corrosiort rates ntere compared to rutes
cletermined from theoretical cortsiderations.
It was fottnd thot the conosion elfect is rapid in Na0H environment. hs effect was noticed
ufter about 2 hours of exposure. The somples exposed to Sulphuric ocitl fumes environntent had
thc highest ntean corrosion rates of0.5488 cnt/yr (for established) nnd 0.5201 cm/yr (for predicted).
ll'ater front horeltole envirottntettt had the least mean corrosiott rates of 0.1249 cm/yr (for
esnhlished) and 0.1277 cn/yr (for predicted). There is no sigttificant dilference between the
<'alculated values ol'conosiott rotes using estoblished model ond predictive models, thus indicating
the reliobilitl, of the models.
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lYl 'R0DucTroN
Metals in general, and mild steel in
partrcular. arc' all-ected by corrosion in many
dif hrent rvavs. ranging from uniform dissolution of
lhe matc'rial as il is exposed to an environment, to
hrghly locafized pitting or cracking. The general
types of corrosion have been identified to include
electrochemrcal, galvanrc. concentration cell,
erosion. enrbrittlement. stress corrosion, filaform,
corrosion fatigue. inrcrgranular. fretting.
impingenrent, dezincilication, and chemical
reactron. [Schouten and Gell ings 1987, RxN
Conrmunications 2002. Shawla and Gupta 1993.
Scul ly  l98, l l .
Corrosir,e chemical compounds,
pesticrdcs. salts. u'eak acids and sterilizing
chemical solutron for cleaning purposes are among
nrate rials idc'ntilied as corrosion causing agents
[Schouten and Gellings. 1987]. The undesirable
results of corrosion range from leakage, and total
liacture of the component concerned to
contanrinairon ol'the product being handled by the
cqurpnrent. ' l ' irc resulting effects may be health
Irazards. lt s'as reported that about $70 billion is
lost annurll l , as a result of corrosion in the United
States of America [Paul, 2000]. While it is likely- to
be much less in n-igeria, it is still a major country thal
has to be addressed.
One of the most important issues in curreut
day corrosion research is the assessment of corrosron
rates and corrosivity of tlpical operating
environments. Corrosion rate is affected by type of
surface of metal, surface area, period of exposure,
pressure gradient, temperature. presence of carbon -
dioxide and
water- cut [Jepson et al 1996, Sodiki 2002}
According to Jangama and Srinivasan ( 1996)
conosion rate if kept low, increases safety and
profitability.
Numerous predictive models have been
developed and are still being developed lbr corrosron
rate determination. Most of the available models tend
to be either too conservative in their interpretation of
results or to focus on industrial applications without
much concern for domestic applications.
For example, Jepson et al (1996) developed a
predictive model that relates the corrosion rate to the
pressure gradient. temperature, carbon dioxide, partial
pressure and water cut as applicable to corrosion irr
horizontal multiphase slug flow in lorv viscousity oil.
..ldebiyi, |i..1., Homeeil, K.A. nnd .ljaf i. E.O. ,' L,-ll
Srrnrvas:rn et  a l  (  l ( )96)  t lcvc lope( l  a  prcdic t ! \ ,c
nrodcl that rrtrlrzes conrnr()nly avarlahle opcratton
paranle lcrs.  An exanrple is  ( -O1 I l lS rn o i l  and gas
proiluctiort cnvirortmenls l ionr a standponrt of
tlcl inrng l inrits ol ' use ol' carbon stccl. A crit ical
l l lvcst rg i . r l ron rn lo ( 'or ros ivr t ) ,  o l '  nre la l  in  var i r r t rs
cn\ lr()nnle nls rr i l l  assrsl ln t ictentruurtrt thc
assocriled problerns so as lo prcvenl e\cessivc
krsses antl health hazard that may resuit. Also. rt rs
frcquently necessar!' to knou, hou a spccrllc
nralcrial rri l l  behal:c in a given etrvironment o
rlrtcrmrne the servrce hfe of the materral rn such
'ehrrilonrirent.
.: '  
' l-his paper deals with the dele iopnrent of
pretl ictivc' nrodels lbr determining tht- corroslon
ratc of nri ld steel in six dif l 'ercnt cnviror)rnents
1\\ 'atcr l ionr Borehole, Na('|. Na:SOa. l lrS0r NaOtl
artd I lN0r). The tnvc-slrqaliott involvt-d
crperinrcnta l ly determining we iglrt losses tr l '  rtrcta ls
r.r 'rthrn lhe environmenls: uti l izrng the lahomtorv
tlata and a theoretical modcl to obtarn a realrstrc
assessrncnt of corrosivrty and corrosron rale sil ir
particrrlar prel'erence to duratron ol' exposure and
surlacc arec exposed.
)t A1'IRtALS AND iu f, ' tHOt)
(a) Erperimental Sel up and Procedure
Sir rrri lcl steel specimens .lcnr rn length.
2cnr in u'rdth and 0.lcnr thick rvere used tbr the
e\pennlcnt. A hole of 0. lcnr diarrre ter rras drrl let' l
on each o l ' the specimen tor  ease of  hang. ing rn thc
nredia bv st r ing.  Accordrng to Str t l rkr  ( : (X)2 ) .
srir I 'ace l lnish attects the corrosron rute .l hcre l irre .
t l rc  speci r r ren sur lace r r ,as c leanct l  w r t l r  cnrcry c lot l r
r r l 'gradc l l0 .  r insed u i th t l rs t r l lc ( l  \ \ 'a tc i  rn( l
t lc ' : reaser l  l l l  e thanol .  l ' l ie  spcctntcns \ \cr r ' i l rc t l
cte hcd in 5'f i, l lC'l t irr about -10 se contls arrrl
r r l .nrct i ra le lv  r rnsed lbr  ( r ( )  sc-c0nt ls  to rr lsh t r l l  t l te
i x. 'e ss lrlt i  ancl t ltey * clc l ln;.rl lv rtroppetl s it l t
l i l tc r  p lper  bel i l rc  being e xposed t ( )  t l le  tcst  rnet l ra.
Sorhkr  (2002) lcprr r led that  lnrorr !  t l r r :
rr rdclv use corrosir. ln nrr-i. lsurcnrt'nt trchnrclues,
' ' rerghl  chan{c deternr inat i t rn $ 'as p lc lcr red r l t re  1o
r ts  srrn l . r l ic r tv .  In  th ls  s tu( lv  the invest igat ion
rrrvolvcd pc'riodic *'eight loss nreasurerneut. fhe
\l leclnrens ncrc ctclred in the rnedia fbr 90 days.
-r'hc loss rn rrciglrt u,as chu-cked at intervals of -5
dat,s. ' fhe rcsults <lf '  the erperirnent are plotted as
shou'n rn Frg l .
(b)  l lodel  Forrnulat ion
Devcloprng tlre rnodel uti l izes the result of
tire experinreut an(l eristing theoretical model to
oblrrn an assessnlent ol 'Corrclsion rate. Accorcling
to Sculiy r l9ti- i i . the corrosion rate of a metal in a
rr redrr r rn is  q iveu bv:
i  i . t  I I '
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Graphs of weight losses agarnsl exposurc
periods rvere plotled as shos'n in Fig. I . Re gression
of loss in serght on exposure period uas deternrincd.
IJasctl on the pattern of graphs rn Fig. I the rcqrcssrorr
equalroll enrployed is oithe iorm.
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,,\ rcsresslott anall"sis ol ' lhc valucs ol \\ '  ( r l
was carried out ()t1 tlrc expelittre'nlal d:rta lo evllrt;.rtc
thc values o l 'constants a,  and b, .  l 'hese ra lucs .uc
gi ' ,cn in  Tahle 2.  [ - ]s ing ec luat i r tn  ( r ' ) .  ' l 'ab le 2 and
densi ty  of  rn i ld  s tcc l .  the resul t rng predict rve nrodcls
lbl t lrc nrerlra re :
Rhorc l r , , l e  l . ( r l 0 -5 i \  I  [ - 1 . 9328x  
I  I  0 . - l - ] 51 l
l { r , . r  I  ( r l ( ) - i : \ . r  [ .090Ex '  '  t t  s+2]1
R\" . ,s( )1 L0. l ( )5. . \  '  l : . {xr - t  \  5  l l r . r r  1
l { . . , , r r  1 . 6 . r ( ) 5 . \  r  l l . l : 1 0  l  l l , r \  : l
l l , r ' , , , . ,  I . i r , l ( I5 , \  |  J l . ( r - \91 -1. : i l \ .  ' l
R r r \ O r  1 . 6 1 0 , i . \  '  l l  i t u s  -  i  - l r s \  
r l
t{usI L' l 's
The rnor lc ls  \ \ ' c re  i rsc t l  t i i  l ) rc ( i i ! l  t l r c
c o r r o s i o t r  o l ' n t r l d  s t c e  I a s  a  l i t t r c t r r r r t  ( ) l  \ u r  l , r ! c  . u t J
and exposur r -  per io r i . ' l -hc  i r r  n rc i l r ; r  t t sc r l  a t t r l  l l t c r r '
cor respondrng cu l i cc r l t ra t i t i r t s  a r t r l  1 t l I  va I t res  a t 'e  I t : l r ' ,1
i r r  l ' ab le  l .  I ' he  r led ia  uscd i r l ' ' c  r r r r le  rn t lus t l ru l  r t t l
doures t ic  app l i c r t rc lns .  
' l -h t  
sur l i r - r -  a rc l  r r l  cac l t  t r f ' the
specrmens nas  Ecrn t  * l r r l c  lhe  c rposutc  pcr ro r i
rartged fronr -5 days to t)() r lur s ' l  l tc lcstt l ts ol-
p red ic ted  va lues  and es tab l rshcd va l t t cs  n t tc  p lo l tc ( l
fo r  each o l ' the  r led ia  as  s l tou t t  r r r  f rgures .  l .  . r .  l .  l .  ( )
a r rc l  7 .  l ' he  var rab i l r t y  be  tu  ccn  t l t c  p rc t l rc lc t l  r ' : l t t t ' s
an t l  es tab l i she t l  va l r res  a rc  shou r r  rn  
' l  
ab lc  -1
D I S C T I S S I ( ) N
E l ' l ' e c t  o l '  l l n r i r o r t r u e u t s  o n  ( ' o r r o s i r i t r , r l '  \ ! t l t l
S tce l
( l i  \ 4 ' a i c r  l r r r t i i  B u t i : l r r i l c .  , ' \ l - , r i i r t  l j  i r r r t t r : , t l t r t
in rn te ls io r - r .  thc  s lcc l  s t r r l i cc  [ rc ianrc  t lu l l  . i r t r i
b t rhb lc r  *en :  l i r t i i l n lg  ( )n  i l l , t .p ' " , - t t l t . . ' t t .  t , .  l r t t : l t
i ; r l c t '  r : , a r e  \ \ a \  t r l  , t  l l r t t t l  : : t r ' , .  r l t : i t  L i ) l ( ' t t t l l l t ( ) l t
i . r t  i h c  s i i r l i t ' c '  l i l i s  c . ! r ; i i i l r i r . ' ( i  i ' ) t ( : u t c i \ r \ L i '
I t t , . !  l i r l  a , r l g t i l  l , t i i . '  t l t i  l t i ' r i  l l i ( ) \ \ T l l s l i
l l i t ( , - ' r r l t  i r : l \  l r l r i ,  , i  ; ' ' . . , r 1  I  i ' i ( ) r \ t t  l , l t t ! 1 . - l r ' r
tt l t h i l . i , h . | . , | | u n u ' l , h . . . t . n n i | j u l ' i ' l i ' ( ) . ' , l , l ' . r E C l l J o u n t u I o | I i n g i n c l r i n g
\ c l t l c \ l  rn  t l re  h t r t lo r r r  o l ' t l re  heaker  a t  thc  cnr l
r r l  t ) t ) " '  , l t r ' ,  , rn . l  t l t c  r r tcan  \ rc l th t  loss  uas
:  l l r r r g
ur )  Sr l l  \ \ ' a l r r  1 \a ( ' l ) :  I l rour rsh  co lo r r r l l r c rn
\ \ . t \  i l r ) l tau( i  o r t  l l t c  5 l )cL  i l l t c l l  su t l i l r r '  . l t l c r
l s o  r l u r s ' e  \ l x ) \ r l r c  l h r s  r c n r u t r r c t l  r l l  l h o r r t
t l r c  5S" '  t i l t  ; l r rJ  l i re  r t t r t i r t r r t r  i r t  u . l l l r , '  r  io r r r i l  .
. - \ ro t r t t t l  t l r c  ( r ( ) '  r l l r ' .  thc  spc t  u l rcn \  tu rne( l
vcl l() \ \  tsh lr lot rr lnt l  latr ' r  hccatnc ht ()\ \  ntsh
t r l l  thc  Bnt l  o l  ' )Or r '  ( la ) '  \ \ i t l i  n l { ) t r  i l cpos i ts
lhun sanrph:s  lo r r r t t l  r r r  lhc  sanrp lcs  tn r r t rc rscd
rn bore lrolc \ \  alcr nrct lrrr i l l  I  hc nlcan
\ \c t th t  loss  t t l r s  \  l l rnu .
( i r r )  l l 1501 s r ) lu l i t rn :  l ; cs  l tours  u l i c r  r r t r r r re rs lon .
hubblcs \\crc sccl l  ()n thc spcci lrrcn and the
specrnrcn  lu tc r  l r r r r rc t l  g reen ish  $r l l r  h roun
partrclcs tt  t l le l)() l tonl of herkcr ' .  Aftcr
about l7 hours. thc grcen c() l()ur changed to
brorv t r  a t rd  la tc r  lo  v 'c lk rs rsh  hnrwn about
lS lrotrrs altcr rrnnrcrsi()n. \ \  t lh l l lorc
f i r t l f l r ' s  hcrnr  r l cposr lc t l .  l ' he  s r lua t ro r r
p rog lg  5g5 r r i r t r l  abor r t  thc  {5" '  da1 '  n l tcn  t l t c
s t r l r r t r t r r ' t  char tscd  to  p r lc  1 'c l los  * i th  thc
sl)ccnl le n bccornrng redtlrslr bros rr.  . , \ t
: .rhout thc 7{)" '  1h,. thc spccirncrr clrangc(l
h r r r r r rush  f  ( ) r l lP l r l c l !  Jn( l  c ( )n l l l l uc t l  t i l l  thc
cn t l  r r l ' 9 ( ) " '  t la r '  \ \ r l l r  l l i ( ) rc  par t i c lcs  bcrng
deposrtct l  lnt l  nrcan rrerlr lr t  krss rs l-1.() nrl l
( r r  I  NaOl l  So lu l ion :  , \ l t c r  ubout  I  hours  o l '
i rn r r rc rs ror r .  t l t c  so l r r l ron  s t l l t rd  chrnur r tg
e  t r lo rn ' .  r r  r t l t  g rec l t  l ' r J tchcs  or t  thc  spccrn tc r r
r r  l r rc i r  r : r . r r lL r i r l l v  t t r r r rc t l  b ro r r  r r .  . . \ l i c r  abot r t
i  ( )  l ro r r rs  t l rc  so lu t i r l r r  he  car r rc  r t - t l i l r sh  i r r  o r r  n
l r r r t l  a lc r  t t r r  r rc t l  t  c l lo r \  l sh  b r ( ) \ \  n  u  l i c r  l l rou t
. l . i  I lo r i r , r  o l '  e  rp r rsure  s  r t l t  app lucr lh lc
r l c l ' r o s t l  o t '  l r t r t r r n  p J r t t c l c \ .  l l t c  r c l l t i r t r s l t
l - r ron  r t  i t t l c r ts r t l  rnc rcaser l  cor r t r r r t r l l l v  i r l l  th t '
r ' r t r l  t r l  - i " '  t l a y  l l i c r  n l r r c i r  t h c  s t r l l l l t o r t
Iu l r r r - t l  rc t l r i r s l t  h r r r r r r r  a r r t l  r t i c r  t t i l t l :
h t ( r \ \  n ! \ l t  t r l l  t h c  c n r l  o l -  t ) ( ) "  , 1 1 ) .  I  l r c  r n c : l :
i i  r ' t ! i r l  i r r r s  t r  - l l  ( r  t t t t .
( \  )  l l \ 0 r  S o l u l i o t t :  . \ l i c r  . r l r o r r t  l ( t  l r o L r r s  r r l '
i l l l l i l i l \ 1 i l n .  l l t c  s | 1 ' .  1 ; 1 1 . ' t t  r l . i t l r ' r i  t u t i l i l t -
! r ( r ' ! i . u r ( l  i l t l r r  h t o t r r t r s l t .  , \ l l e r  . l i  h r r t r r s .
t l i r '  ro l r r l ron  e  l l r r tL tc r i  t r '  I l l  h r ( ) \ \  n  I  l r r
r l r l ( )u [ l l t ( ) i l  e  l t lngc t l  p t . ( }g rcss tVe i r ' .  t t . l l  i l i l l r l
r c , l r l t s l t  h r , i *  n  u  l l c r  ( , i " '  , i l r  . . \  l l e  I  r r  r r t i r .
t l t r  . i r r ' l i t t t t ' t t \  t l u n c ( l  c r r t t t I l e l c l v  b t , l r r t t  r
j
.'!
j
(,
\ l e t l i u r r r
I  l (  ) l - , .r  ! l () ir l  \ \ ' l ! ' !  Cr
S l r ' ,  r r . t t c r
l  , : t t ' u  r r \ r t  su lp i i l r t ;
Sodr t r ru  I l vdr  oxrc ie
) r i i r i c . . \ c r r - !
: \ o i l r  ! l t l  S L r l i t l r a t r
t lre cnql ot' 9o"' t lav rvith bros rr partrclcs
dcposi t  r r i th  nrs l r r  r rc ight  loss o l '2 i .  {Jr r rs
1r' i) Na2S0s Solution: Bros'nrsh colourulrorr rrs
nol rcct l  a l icr  lh t l r t t  J{ )  hot t rs  r l l ' l r rn lersrun
t  hc h l r r r r  t t rs l t  co l ( ) l r r i t l ron cotr l t r r tc t i
prot re ssrvc l r  t r l l  thc cnd o l  ( .1{) ' r '  rhv u r th
dc'posrt ol ' hrosrr partrclcs \\rlh nlearl sc'ight
loss o l  l  I . . l r r rnrg.
|.lli.rl of llnvironnrenl on Corrosion Rate
'l-hc 
corrosiorr rlc ol 'ntrlt l  stccl r ';rrcrl rrrt lr
t l tc eltvtt ottrnc-ttt ol- cipostrrc. -f lre tnetl l corr'o:,r()lt l i t lc
using lhr'oretical rnodel varrcd l ioln (). 1249 cnl \ 'r I l irr
\\ 'aler l iom borchole) to 0.54tit l cnryr (lbr l l :S(lr) as
shown irr 'l'atrle -1. For predictrvc nrodels. thc' nrcrrr
corrosion ratr's vary lionr 0. 1277 cnyr (lirr sale'r
front borchole) to 0.5201 cm yr (lbr l l :S0r) as sho\rr
in l'able -1. -l'lre differences belween the prc'dictcd
corrosiorr ratc and established corrosion rales
notrrithstlndinu. hoth thc cslablished and prcdicted
rrxltlcl cur\ rs lirllorl the sanle trend tilr r:ach
c r r v i r o l rn r c r r l  l s  shosn  i n  l : r gu res  2 . , 1 ,  1 .5 .6  and  7 .
Rcsults ol ' statrstrcal analyscs shou,n in "l-ablc .l
suggcst hilt thc're is no si-unil icant dif l 'erence betursrr
thc cstablished values and prcdicted values thcreby'
r:rlrdatrrrg the reliabil i ty of t lrc predrctive rnodcls.
( ' ( ) \ - ( ' l . l ' s l ( )Ns
' l 'he 
l i r l lorvi l tg can thus he deduced:
( i)  ( 'onosrvrtv cl ' f i 'ct  of nri ld stec' l  is lastest rn nuaOH
cn\  r I ( ) r rn lcn l  rs  thc  h ighcs t  an long th r '  s ix
rn \  t r ( )nn tcn ts  consr t le red-
( r r )  ( ' t r ln rs r i l r l  ra le  rs  n to te  l ) r ( )n ( luncc( l  rn  tc td lc
cn \ ' r r ( ) r ln icn t .  l -he  I  I . . s0 .  en ! l ronn len t  lms thc
hrghc.t a()rr()srol.r  ratc $'t th rncarr cotrosiorl  rate
o l '  t )  54SS i :u r  y r  (cs tab l i s l rc r l )  0 .5201 cn t  ) , r
( I r rc ( l rc l rd )  l i r l l oucd by ,  l lN0 .  0  5 , f  01  on  v r
(cstabl ished) 0.490.1 cnr, 'r ' r  (prc-dicte. l) :  \a0l{
( i . . l7S I  c t l r  v r  (es tab l rshcr l )  ( )  " l  7 { } )  cn t  v r
( p r c d r c t c d ) :  N a . S 0 .  0 . 4 4  l 5  c r t r  v r  ( c s r a b l r s h c d )
( l  l2 f iS  cnr  v r  (p rcd ic ted) :  \aL ' l  ( )  l5 ( rJ  c r r r  v l
( c s t l h l r s i r c r l )  ( )  l S 0 . l  c l 1 1  v r  ( p r c t l r c l c r l )  l r r t l
I J o r c l r t i l c  l l . ( )  0 . l 2 J ( )  c u r  v r  ( c s t a b l l s h e d )  0 . l l r 7
o t  v r  (p rcdrc tcd  i .
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